
US 20050079380A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2005/0079380 A1 

Iwanaga (43) Pub. Date: Apr. 14, 2005 

(54) 

(75) 

(73) 

(21) 

(22) 

(30) 

Sep. 30; 2003 

GAS BARRIER LAMINATE FILM AND 
METHOD FOR PRODUCING THE SAME 

Inventor: Hiroshi Iwanaga, KanagaWa (JP) 

Correspondence Address: 
SUGHRUE MION, PLLC 
2100 PENNSYLVANIA AVENUE, N.W. 
SUITE 800 
WASHINGTON, DC 20037 (US) 

Assignee: FUJI PHOTO FILM CO., LTD. 

Appl. No.: 10/952,853 

Filed: Sep. 30, 2004 

Foreign Application Priority Data 

(JP) ..................................... .. 342063/2003 

Publication Classi?cation 

(51) Int. c1.7 ......................... .. B32B 27/06; H05B 33/04 

(52) US. Cl. ....................... .. 428/688; 428/446; 428/447; 

428/690; 428/917; 427/487; 
313/512; 257/100 

(57) ABSTRACT 

Disclosed is a gas barrier laminate ?lm comprising at least 
one inorganic layer and at least one organic layer on a base 
material ?lm; Wherein the organic layer is a layer formed by 
ring opening polymerization of at least one kind of oXetanyl 
group-containing monomer. The gas barrier ?lm can exhibit 
superior gas barrier property even if it is ?exed and is 
preferably applicable in image display devices such as liquid 
crystal display devices and organic EL devices. 
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GAS BARRIER LAMINATE FILM AND METHOD 
FOR PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a gas barrier lami 
nate ?lm having superior gas barrier performance. More 
precisely, the present invention relates to a gas barrier 
laminate ?lm that can be suitably used for various kinds of 
image display devices, in particular, a gas barrier laminate 
?lm useful as a substrate of ?exible organic electrolumines 
cence device (henceforth referred to as “organic EL 
device”), and a method for producing the same, as Well as an 
organic EL device. 

[0003] 2. Description of the Background 

[0004] Conventionally, gas barrier laminate ?lms prepared 
by forming a thin ?lm of metal oxide such as aluminum 
oxide, magnesium oxide or silicon oxide on a surface of a 
plastic substrate or ?lm have been Widely used in packaging 
of articles Which require shielding of various gases such as 
Water vapor and oxygen, and packaging use for preventing 
deterioration of food, industrial materials, medical supplies 
and so forth. In addition to the packaging use, gas barrier 
?lms are recently coming to be used also in liquid crystal 
display devices, solar cells, EL devices and so forth. 

[0005] In the course of development of image display 
devices such as liquid crystal display devices and EL devices 
in recent years, transparent base materials for forming these 
devices are required to satisfy highly sophisticated require 
ments in addition to suitability for production of lighter and 
larger devices, for example, they must have long term 
reliability and higher degree of freedom of the shape, they 
must enable display on a curved surface, and so forth. As a 
transparent base material that satis?es such sophisticated 
requirements, plastic base materials are beginning to be 
adopted as neW base materials as an alternative to conven 

tional glass substrates, Which are heavy, readily broken and 
dif?cult to be formed With a larger siZe. Plastics base 
materials not only satisfy the aforementioned requirements, 
but also shoW more favorable productivity compared With 
glass substrates because a roll-to-roll system can be used for 
them, and therefore they are more advantageous also in vieW 
of cost reduction. 

[0006] HoWever, ?lm base materials such as transparent 
plastic ?lms have a draWback that their gas barrier perfor 
mance is inferior to that of glass base materials. If a base 
material having poor gas barrier property is used, Water 
vapor and air permeate the material to, for example, degrade 
liquid crystals in a liquid crystal cell, form display defects 
and thereby degrade display quality. In order to solve this 
problem, gas barrier laminate ?lms in Which a metal oxide 
thin ?lm is formed on a ?lm substrate have been developed 
so far. For example, as gas barrier laminate ?lms used for 
packaging materials or liquid crystal display devices, those 
comprising a plastic ?lm on Which silicon oxide is vapor 
deposited (Japanese Patent Publication (KOKOKU) No. 
53-12953) and those comprising a plastic ?lm on Which 
aluminum oxide is vapor-deposited (Japanese Patent Laid 
open Publication No. 58-217344) are knoWn. These ?lms 
have a Water vapor barrier property of about 1 g/m2/day 
represented in terms of permeability. 
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[0007] The gas barrier performance required for plastic 
?lm substrates used for recently developed large-siZed liquid 
crystal displays and high precision displays is about 0.1 
g/m2/day in terms of Water vapor barrier ability. Further 
more, development of organic EL displays, high precision 
color liquid crystal displays and so forth has recently pro 
gressed, and therefore required are transparent base materi 
als usable for these, i.e., having higher barrier performance, 
in particular, barrier performance of less than 0.1 g/m2/day 
in terms of Water vapor barrier ability, While maintaining 
transparency. In order to meet such a demand, recently 
studied is ?lm formation by the sputtering method or CVD 
method as a means that can be expected to provide higher 
barrier performance, in Which a thin ?lm is formed by using 
plasma generated by gloW discharge under a loW pressure 
condition. Moreover, an organic luminescence device in 
Which a barrier ?lm having an alternate laminate structure of 
organic layers and inorganic layers is produced by the 
vacuum deposition method is proposed in US. Pat. No. 
6,268,695 (page 4, [2-5] to page 5, [4-49]). Furthermore, a 
technique of using acrylic monomers having a volume 
shrinkage ratio of less than 10% for an organic layer in order 
to impart ?exibility required for applications in ?exible 
display devices is disclosed in Japanese Patent Laid-open 
Publication (KOKAI) No. 2003-53881 (page 3, [0006] to 
page 4, [0008]). 

[0008] HoWever, gas barrier property and ?exibility of 
these materials are insuf?cient for use as a ?exible organic 
EL display substrate, and further improvement has been 
desired. 

SUMMARY OF THE INVENTION 

[0009] The present invention Was accomplished in vieW of 
the aforementioned problems, and the ?rst object of the 
present invention is to provide a gas barrier laminate ?lm 
that can maintain superior gas barrier property even When it 
is ?exed. The second object of the present invention is to 
provide an image display device exhibiting superior dura 
bility, Which utiliZes the aforementioned gas barrier laminate 
?lm. 

[0010] The inventors of the present invention conducted 
various researches concerning ?exibilities of various layers 
constituting a gas barrier laminate ?lm. As a result, they 
found that a ?lm in Which an oxetanyl group-containing 
monomer is used for an organic layer could maintain high 
gas barrier property even When it Was ?exed, and thus 
accomplished the present invention. That is, the objects of 
the present invention are achieved by the gas barrier lami 
nate ?lm, method for producing the same and image display 
device using the ?lm described beloW. 

[0011] (1) A gas barrier laminate ?lm comprising at least 
one inorganic layer and at least one organic layer on a base 
material ?lm, Wherein the organic layer is a layer formed by 
ring opening polymerization of at least one kind of oxetanyl 
group-containing monomer. 

[0012] (2) The gas barrier laminate ?lm according to (1), 
Wherein the inorganic layer and the organic layer are lami 
nated in this order on the base material ?lm. 

[0013] (3) The gas barrier laminate ?lm according to (1) or 
(2), Wherein at least one kind of the oxetanyl group-con 
taining monomer is a monomer containing at least tWo 
oxetanyl groups in the molecule. 
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[0014] (4) The gas barrier laminate ?lm according to any 
one of (1) to (3), Wherein the organic layer contains silicon. 

[0015] (5) The gas barrier laminate ?lm according to any 
one of (1) to (4), Wherein at least one kind of the oxetanyl 
group-containing monomer is a compound containing sili 
con in the molecule. 

[0016] (6) The gas barrier laminate ?lm according to any 
one of (1) to (3), Wherein the base material ?lm is a ?lm 
comprising a resin having a spiro structure represented by 
the folloWing formula (I) or a polymer having a cardo 
structure represented by the folloWing formula (II). 

Formula (I) 

[0017] In the formula (I), the rings a represent a monocy 
clic or polycyclic ring, and tWo of the rings are bound via a 
spiro bond. 

Formula (II) 

[0018] In the formula (II), the ring [3 and the rings y 
represent a monocyclic or polycyclic ring, and tWo of the 
rings y may be identical or different and bond to one 
quaternary carbon atom in the ring [3. 

[0019] (7) A method for producing a gas barrier laminate 
?lm comprising forming a base material ?lm, forming an 
inorganic layer, and forming an organic layer, Wherein, in 
the step of forming an organic layer, the organic layer is 
formed by ring opening polymeriZation of at least one kind 
of oxetanyl group-containing monomer. 

[0020] (8) The method for producing a gas barrier lami 
nate ?lm according to (7) comprising forming a base mate 
rial ?lm, forming an inorganic layer, and forming an organic 
layer, Wherein, in the step of forming an organic layer, a 
composition containing at least one kind of oxetanyl group 
containing monomer and a cationic polymeriZation initiator 
is applied or vapor-deposited and then irradiated With an 
active energy ray to form the organic layer. 

[0021] (9) An image display device using the gas barrier 
laminate ?lm according to any one of (1) to 

[0022] (10) An organic electroluminescence device using 
the gas barrier laminate ?lm according to any one of (1) to 

(6) 
[0023] The gas barrier laminate ?lm of the present inven 
tion has at least one inorganic layer and at least one organic 
layer on a base material ?lm, and the organic layer is a layer 
formed by ring opening polymeriZation of at least one kind 
of oxetanyl group-containing monomer. By having such a 
con?guration, the gas barrier laminate ?lm of the present 
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invention can be provided as a gas barrier laminate ?lm that 
has high ?exibility and can maintain high gas barrier prop 
erty. 

[0024] Moreover, by using the gas barrier laminate ?lm of 
the present invention as a substrate, an image display device 
having superior durability can be provided. 

BRIEF EXPLANATION OF THE DRAWING 

[0025] FIG. 1 is a schematic explanatory vieW of the 
roll-to-roll type sputtering apparatus used in Example 1. The 
sputtering apparatus 1 comprises a vacuum chamber 2, drum 
3, feeding roller 4, rolling-up roller 5, plastic ?lm 6, guide 
roller 7, guide roller 8, exhaust ports 9, vacuum pumps 10, 
electric discharge poWer source 11, cathode 12, controller 
13, gas ?oW rate control unit 14, and reactive gas piping 15. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0026] Hereafter, the gas barrier laminate ?lm of the 
present invention, the method for producing it, and the 
organic EL device utiliZing the ?lm Will be explained in 
detail. 

[0027] [Gas Barrier Laminate Film] 

[0028] The gas barrier laminate ?lm of the present inven 
tion has at least one inorganic layer and at least one organic 
layer on a base material ?lm. Hereafter, each of the members 
constituting the gas barrier laminate ?lm of the present 
invention Will be explained. 

[0029] <Base Material Film> 

[0030] In the present invention, the base material ?lm may 
be a ?lm that can hold at least one set of an inorganic layer 
and an organic layer, and a suitable material can be selected 
depending on the purpose of use of the gas barrier ?lm and 
so forth. Speci?c examples of the resin used for the base 
material ?lm include thermoplastic resins such as meth 
acrylic resins, methacrylic acid/maleic acid copolymers, 
polystyrene resins, transparent ?uororesins, polyimide res 
ins, ?uorinated polyimide resins, polyamide resins, polya 
mideimide resins, polyetherimide resins, cellulose acylate 
resins, polyurethane resins, polyether ether ketone resins, 
polycarbonate resins, alicyclic polyole?n resins, polyarylate 
resins, polyethersulphone resins, polysulfone resins, 
cycloole?n copolymers, ?uorene ring-modi?ed polycarbon 
ate resins, aliphatic ring-modi?ed polycarbonate resins, and 
acryloyl compounds and so forth. 

[0031] Among these resins, preferred examples are pol 
yarylate resins (PAr), polyethersulphone resins (PES), ?uo 
rene ring-modi?ed polycarbonate resins (BCF-PC, the com 
pound of Japanese Patent Laid-open Publication No. 2000 
227603, Example 4), aliphatic ring-modi?ed polycarbonate 
resins (IP-PC, the compound of Japanese Patent Laid-open 
Publication No. 2000-227603, Example 5), and acryloyl 
compounds (the compound of Japanese Patent Laid-open 
Publication No. 2002-80616, Example 1). 

[0032] Preferred examples of the resins used for the base 
material ?lm of the present invention further include resins 
having a spiro structure represented by the folloWing for 
mula (I) and resins having a cardo structure represented by 
the folloWing formula (II). These resins have high heat 
resistance, high elasticity and high tensile fracture strength, 
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and thus they are suitable as substrate materials of organic 
EL devices and so forth, Which must be subjected to various 
heating operations in the production processes, and are 
required to have a performance of being unlikely to be 
broken even When they are ?exed. 

Formula (I) 

[0033] In the formula (I), the rings a represent a monocy 
clic or polycyclic ring, and tWo of the rings are bound via a 
spiro bond. 

Formula (II) 

[0034] In the formula (II), the ring [3 and the rings y 
represent a monocyclic or polycyclic ring, and tWo of the 
rings y may be identical or different, and bond to one 
quaternary carbon atom in the ring [3. 

[0035] Preferred examples of the resins having a spiro 
structure represented by the formula (I) include polymers 
containing a spirobiindane structure represented by the 
folloWing formula (III) in repeating units, polymers con 
taining a spirobichroman structure represented by the fol 
loWing formula (IV) in repeating units, and polymers con 
taining a spirobibenZofuran structure represented by the 
folloWing formula (V) in repeating units. Preferred 
examples of the resins having a cardo structure represented 
by the formula (II) include polymers containing a ?uorene 
structure represented by the folloWing formula (VI) in 
repeating units. 

Formula (III) 

[0036] In the formula (III), R31, R32 and R33 each inde 
pendently represent hydrogen atom or a substituent. Groups 
of each type may bond to each other to form a ring. m and 
n represent an integer of 1 to 3. Preferred examples of the 
substituent include a halogen atom, an alkyl group and an 
aryl group. More preferred examples of R31 and R32 are 
hydrogen atom, methyl group and phenyl group, and more 
preferred examples of R33 are hydrogen atom, chlorine 
atom, bromine atom, methyl group, isopropyl group, t-butyl 
group and phenyl group. 
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Formula (IV) 

[0037] In the formula (IV), R41 and R42 each indepen 
dently represent hydrogen atom or a substituent. Groups of 
each type may bond to each other to form a ring. m and n 
represent an integer of 1 to 3. Preferred examples of the 
substituent include a halogen atom, an alkyl group and an 
aryl group. More preferred examples of R41 are hydrogen 
atom, methyl group and phenyl group, and more preferred 
examples of R42 are hydrogen atom, chlorine atom, bromine 
atom, methyl group, isopropyl group, t-butyl group and 
phenyl group. 

Formula (V) 

[0038] In the formula (V), R51 and R52 each independently 
represent hydrogen atom or a substituent. Groups of each 
type may bond to each other to form a ring. m and n 
represent an integer of 1 to 3. Preferred examples of the 
substituent include a halogen atom, an alkyl group and an 
aryl group. More preferred examples of R51 are hydrogen 
atom, methyl group and phenyl group, and more preferred 
examples of R52 are hydrogen atom, chlorine atom, bromine 
atom, methyl group, isopropyl group, t-butyl group and 
phenyl group. 

Formula (VI) 

|\ \ 

T// IXT 
(Rah (Rah 

[0039] In the formula (VI), R61 and R62 each indepen 
dently represent hydrogen atom or a substituent. Groups of 
each type may bond to each other to form a ring. j and k 
represent an integer of 1 to 4. Preferred examples of the 
substituent include a halogen atom, an alkyl group and an 
aryl group. More preferred examples of R61 and R62 are 



US 2005/0079380 A1 

hydrogen atom, chlorine atom, bromine atom, methyl group, 
isopropyl group, t-butyl group and phenyl group. 

[0040] The polymers containing a structure represented by 
any one of the formulas (III) to (VI) in repeating units may 
be polymers formed With various bonding schemes such as 
polycarbonates, polyesters, polyamides, polyimides and 
polyurethanes. The polymers containing a structure repre 
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sented by any one of the formulas (III) to (VI) are especially 
preferably polycarbonates derived from bisphenol com 
pounds, polyesters or polyurethanes. 

[0041] Preferred speci?c examples of the polymers having 
a structure represented by the formula (I) or formula (II) are 
shoWn beloW. HoWever, the present invention is not limited 
to these. 
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-continued 
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-continued 
FL-10 FL-ll 

Copolymer of FL-8 and FL-9 (80/20 mol %) 

O O 

O O 

FL-12 
Copolymer of FL-7 and FL-11 (80/20 mol %) 

[0042] The polymers having a structure represented by the 
formula (I) or formula (II) usable for the present invention 
may be used independtly, and may be used as a mixture of 
tWo or more kinds of them. Moreover, they may be 
homopolymers or copolymers consisting of a combination 
of tWo or more kinds of the structures. When a copolymer is 
used, a knoWn repeating unit not containing a structure 
represented by the formula (I) or (II) in the repeating unit 
may be copolymeriZed Within such a degree that the advan 
tages of the present invention should not be degraded. 
Copolymers more often have improved solubility and trans 
parency compared With homopolymers, and such copoly 
mers can be preferably used. 

[0043] The polymers having a structure represented by the 
formula (1) or formula (2) used for the present invention 
preferably has a molecular Weight of 10,000 to 500,000, 
more preferably 20,000 to 300,000, particularly preferably 
30,000 to 200,000, in terms of Weight average molecular 
Weight. If the molecular Weight is less than 10,000, fabri 
cation of the ?lm may become dif?cult. On the other hand, 
if the molecular Weight exceeds 500,000, it is dif?cult to 
control the molecular Weight during the synthesis, and 
handling may become difficult due to unduly high viscosity 
of solution. The molecular Weight may be determined on the 
basis of corresponding viscosity. 

[0044] As the resin used for the substrate ?lm of the 
present invention, crosslinked resins may be also preferably 
used in vieW of solvent resistance and heat resistance in 
addition to the aforementioned thermoplastic resins. As for 
the types of the crosslinked resins, various knoWn thermo 
setting resins and radiation-curable resins can be used With 
out particular limitations. 

[0045] Examples of the thermosetting resins include, for 
example, phenol resins, urea resins, melamine resins, unsat 
urated polyester resins, epoxy resins, silicone resins, diallyl 
phthalate resins, furan resins, bismaleimide resins, cyanate 
resins and so forth. 

[0046] As for the crosslinking method, any reactions that 
form a covalent bond may be used Without any particular 
limitation, and systems in Which the reactions proceed at 
room temperature, such as those utiliZing a polyhydric 
alcohol compound and a polyisocyanate compound to form 
urethane bonds, can also be used Without any particular 
limitation. HoWever, such systems often have a problem 
concerning the pot life before the ?lm formation, and 
therefore such systems are usually used as tWo-pack sys 
tems, in Which, for example, a polyisocyanate compound is 

added immediately before the ?lm formation. On the other 
hand, if a one-pack system is used, it is effective to protect 
functional groups to be involved in the crosslinking reaction, 
and such systems are marketed as blocked type curing 
agents. KnoWn as the marketed blocked type curing agents 
are B-882N produced by Mitsui Takeda Chemicals, Inc., 
Coronate 2513 produced by NIPPON POLYURETHANE 
INDUSTRY CO., LTD. (these are blocked polyisocyanates), 
Cymel 303 produced by Mitsui-Cytec Ltd. (methylated 
melamine resin) and so forth. Moreover, blocked carboxylic 
acids, Which are protected polycarboxylic acids usable as 
curing agents of epoxy resins, such as B-1 mentioned beloW 
are also knoWn. 

B-1 

0 k k 
0 0 

YO O O CY Y O O Y 

[0047] The radiation curable resins are roughly classi?ed 
into radical curable resins and cationic curable resins. As a 
curable component of the radical curable resins, a compound 
having tWo or more radically polymeriZable groups in the 
molecule is used, and as typical examples, compounds 
having 2 to 6 acrylic acid ester groups in the molecule called 
polyfunctional acrylate monomers, and compounds having 
tWo or more acrylic acid ester groups in the molecule called 
urethane acrylates, polyester acrylates, and epoxy acrylates 
are used. 

[0048] Typical examples of the method for curing radical 
curable resins include a method of irradiating an electron ray 
and a method of irradiating an ultraviolet ray. In the method 
of irradiating an ultraviolet ray, a polymeriZation initiator 
that generates a radical by ultraviolet irradiation is usually 
added. If a polymeriZation initiator that generates a radical 
by heating is added, the resins can also be used as thermo 
setting resins. 

[0049] As a curable component of the cationic curable 
resins, a compound having tWo or more cationic polymer 
iZable groups in the molecule is used. Typical examples of 
the curing method include a method of adding a photoacid 
generator that generates an acid by irradiation of an ultra 
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violet ray and irradiating an ultraviolet ray to attain curing. 
Examples of the cationic polymeriZable compound include 
compounds containing a ring opening-polymeriZable group 
such as epoxy group and compounds containing a vinyl 
ether group. 

[0050] As for each type of the aforementioned thermoset 
ting resins and radiation curable resins, a mixture of tWo or 
more kinds of resins may be used for each type, and a 
thermosetting resin and a radiation curable resin may be 
used together. Further, a mixture of a crosslinkable resin and 
a resin not having a crosslinkable group may also be used. 

[0051] Further, a resin used for the base material ?lm of 
the present invention is preferably used as a mixture With the 
aforementioned crosslinkable resin, because solvent resis 
tance, heat resistance, optical characteristics, and toughness 
of the obtained base material ?lm can be thereby improved. 
Moreover, in the present invention, it is also possible to 
introduce a crosslinkable group into a resin used for the base 
material ?lm, and such a resin may have the crosslinkable 
group at any of end of polymer main chain, positions in 
polymer side chain and polymer main chain. When such a 
resin is used, the base material ?lm may be prepared Without 
using the aforementioned commonly used crosslinkable 
resin together. 

[0052] When the gas barrier laminate ?lm of the present 
invention is used for liquid crystal displays and so forth, it 
is preferable to use an amorphous polymer in order to attain 
optical uniformity. Furthermore, for the purpose of control 
ling retardation (Re) and Wavelength dispersion thereof, 
resins having positive and negative intrinsic birefringences 
may be combined, or a resin shoWing a larger (or smaller) 
Wavelength dispersion may be combined. 

[0053] In the present invention, a laminate of different 
resins may be used as the base material ?lm in order to 
control retardation (Re) or improve gas permeability and 
dynamic characteristics. No particular limitation is imposed 
on preferred combinations of different resins, and any com 
binations of the aforementioned resins can be used. 

[0054] In the present invention, the base material ?lm may 
be stretched. Stretching provides advantages of improve 
ment of mechanical strengths of the ?lm such as anti-folding 
strength, and thus improvement of handling property of the 
?lm. In particular, a ?lm having an orientation release stress 
(ASTM D1504, henceforth abbreviated as “ORS”) of 0.3 to 
3 GPa along the stretching direction is preferred, because 
mechanical strength of such a ?lm is improved. ORS is 
internal stress present in a stretched ?lm or sheet generated 
by stretching. 

[0055] KnoWn methods can be used for the stretching, and 
the stretching can be performed by, for example, the roller 
monoaxial stretching method, tenter monoaxial stretching 
method, simultaneous biaxial stretching method, sequential 
biaxial stretching method, or in?ation method at a tempera 
ture of from a temperature higher than the glass transition 
temperature (Tg) of the resin by 10° C. to a temperature 
higher than Tg by 50° C. The stretching ratio is preferably 
1.1 to 3.5 times. 

[0056] In the present invention, although the thickness of 
the base material ?lm is not particularly limited, it is 
preferably 30 to 700 pm, more preferably 40 to 200 pm, still 
more preferably 50 to 150 pm. The haZe of the ?lm is 
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preferably 3% or less, more preferably 2% or less, still more 
preferably 1% or less, irrespective of the thickness of the 
?lm. Further, the total light transmission of the base material 
?lm is preferably 70% or more, more preferably 80% or 
more, still more preferably 90% or more. 

[0057] In the present invention, resin property modi?ers 
such as plasticiZers, dyes and pigments, antistatic agents, 
ultraviolet absorbers, antioxidants, inorganic microparticles, 
release accelerators, leveling agents, inorganic layered sili 
cate compounds and lubricants may be further added to the 
base material ?lm as required in such a degree that the 
advantages of the present invention are not degraded. 

[0058] <Inorganic Layer> 
[0059] In the gas barrier laminate ?lm of the present 
invention, type and ?lm formation method of the inorganic 
layer are not particularly limited, and knoWn inorganic 
layers and ?lm formation methods therefor can be used. The 
inorganic layer includes an inorganic oxide layer and a 
transparent conductive layer. Although the ?lm formation 
method of the inorganic layer may be any method so long as 
a desired thin ?lm can be formed, the sputtering method, 
vacuum deposition method, ion plating method, plasma 
CVD method and so forth are preferred. The ?lm formation 
can be attained by, for example, the methods described in 
Japanese Patent No. 3400324, Japanese Patent Laid-open 
Publication Nos. 2002-322561 and 2002-361774. 

[0060] Although the components constituting the inor 
ganic layer are not particularly limited, for example, oxides, 
nitrides, oxynitrides etc. containing one or more kinds of 
elements selected from Si, Al, In, Sn, Zn, Ti, Cu, Ce, Ta and 
so forth can be used. The thickness of the inorganic layer is 
not also particularly limited. HoWever, When it is too large, 
cracks may be generated by bending stress, and When it is 
too small, the ?lm may be distributed in a dot pattern. In the 
both cases, Water vapor barrier property tends to be 
degraded. Therefore, the thickness of one inorganic layer is 
preferably in the range of 5 to 1000 nm, more preferably 10 
to 1000 nm, particularly preferably 10 to 200 nm. 

[0061] Further, When tWo or more inorganic layers are 
contained, they may have the same composition or different 
compositions, and they are not particularly limited. In order 
to obtain both of Water vapor barrier property and high 
transparency, it is preferable to use silicon oxide or silicon 
oxynitride in the composition of the inorganic layer. Silicon 
oxide is represented as SiOX. For example, When SiOX is 
used for the inorganic substance layer, x is desirably more 
than 1.6 and less then 1.9 (1.6<x<1.9) in order to obtain both 
of favorable Water vapor barrier property and high light 
transmission. Silicon oxynitride is represented as SiOXNy. 
As for the ratio of x and y, When improvement of adhesion 
property is emphasiZed, an oxygen rich ?lm is preferred, and 
thus it is preferred that x is more than 1 and less than 2, and 
y is more than 0 and less than 1 (1<x<2, 0<y<1). When 
improvement of Water vapor barrier property is emphasiZed, 
a nitrogen rich ?lm is preferred, and thus it is preferred that 
x is more than 0 and less than 0.8, and y is more than 0.8 and 
less than 1.3 (0<x<0.8, 0.8<y<1.3). 

[0062] <Organic Layer> 

[0063] In the present invention, the organic layer is a layer 
provided as a layer adjacent to the inorganic layer for the 
purpose of increasing the gas barrier property of the inor 
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ganic layer, and is a layer prepared by ring opening poly 
meriZation of at least one kind of monomers containing an 
oxetanyl group. So long as the organic layer can be formed 
by ring opening polymeriZation of monomers containing an 
oxetanyl group, it may contain inorganic substances, inor 
ganic elements or metallic elements other than the organic 
component. The organic layer preferably contains silicon. 

[0064] The “monomer” referred to in the present invention 
includes oligomers obtained by ring opening polymeriZation 
of 2 to 5 units of oxetanyl group-containing unit. 

[0065] Various oxetanyl group-containing monomers can 
be used. Examples include compounds having one oxetanyl 
group in the molecule and compounds having tWo or more 
oxetanyl groups in the molecule. 

[0066] (Compound having One Oxetanyl Group in the 
Molecule) 
[0067] Preferred compounds as the compound having one 
oxetanyl group in the molecule include the compounds 
represented by the folloWing formula 

Formula (1) 
l R 

O 

[0068] In the formula (1), Z is oxygen atom or sulfur atom. 
R1 is selected from the group consisting of hydrogen atom, 
?uorine atom, an alkyl group having 1 to 6 carbon atoms 
such as methyl group, ethyl group, propyl group and butyl 
group, a ?uoroalkyl group having 1 to 6 carbon atoms, allyl 
group, an aryl group, furyl group and thienyl group. R2 is 
selected from the group consisting of an alkyl group having 
1 to 6 carbon atoms such as methyl group, ethyl group, 
propyl group and butyl group; an alkenyl group having 1 to 
6 carbon atoms such as 1-propenyl group, 2-propenyl group, 
2-methyl-1-propenyl group, 2-methyl-2-propenyl group, 
1-butenyl group, 2-butenyl group and 3-butenyl group; an 
aryl group such as phenyl group, benZyl group, ?uorobenZyl 
group, methoxybenZyl group and phenoxyethyl group; an 
alkylcarbonyl group having 1 to 6 carbon atoms such as 
propylcarbonyl group and pentylcarbonyl group; an alkoxy 
carbonyl group having 1 to 6 carbon atoms such as ethoxy 
carbonyl group, propoxycarbonyl group and butoxycarbonyl 
group; an alkylcarbamoyl group having 1 to 6 carbon atoms 
such as ethoxycarbamoyl group; an alkoxycarbamoyl group 
having 1 to 6 carbon atoms such as propylcarbamoyl group 
and butylpentylcarbamoyl group and so forth. 

[0069] In the present invention, the compounds of the 
aforementioned formula (1) Wherein R1 is a loWer alkyl 
group are preferred, and those Wherein R1 is ethyl group are 
more preferred. R2 is preferably butyl group, phenyl group 
or benZyl group. Z is preferably oxygen. 

[0070] (Compound having TWo or More Oxetanyl Groups 
in the Molecule) 

[0071] Preferred examples of the compound having tWo or 
more oxetanyl groups in the molecule include the com 
pounds represented by the folloWing formula 
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Formula (2) 
R 

zyz R4 
0 

m 

[0072] In formula (2), m is 2, 3 or 4, and Z is oxygen atom 
or sulfur atom. R is hydrogen atom, ?uorine atom, an alkyl 
group having 1 to 6 carbon atoms such as methyl group, 
ethyl group, propyl group and butyl group, a ?uoroalkyl 
group having 1 to 6 carbon atoms, allyl group, an aryl group 
or furyl group. 

[0073] R4 in the formula (2) is, for example, a linear or 
branched alkylene group having 1 to 12 carbon atoms such 
as a group represented by folloWing formula (3), a linear or 
branched poly(alkyleneoxy) group, a group having one of 
these groups or the like. 

Formula (3) 
CH2— 

CH2 — 

[0074] In the formula (3), R5 is a loWer alkyl group such 
as methyl group, ethyl group and propyl group. 

[0075] R4 may also be a polyvalent group having a struc 
tural unit selected from the group consisting of those rep 
resented by the folloWing formulas (4), (5) and 

[0076] In the formula (4), n is 0 or an integer of 1 to 10. 
R6 is selected from the group consisting of an alkyl group 
having 1 to 10 carbon atoms such as methyl group, ethyl 
group, propyl group and butyl group and a group having a 
structural unit represented by the folloWing formula R7 
is selected from the group consisting of alkyl groups having 
1 to 10 carbon atoms such as methyl group, ethyl group, 
propyl group and butyl group. 

[0077] In the formula (7), j is 0 or an integer of 1 to 10, and 
R6 is an alkyl group having 1 to 10 carbon atoms. R7 is an 
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alkyl group having 1 to 10 carbon atoms such as methyl 
group, ethyl group, propyl group and butyl group. 

AWQCHF 
[0078] In the formula (5), R9 is hydrogen atom, an alkyl 
group having 1 to 10 carbon atoms such as methyl group, 
ethyl group, propyl group and butyl group, an alkoXyl group 
having 1 to 10 carbon atoms, a halogen atom, nitro group, 
cyano group, mercapto group, a loWer alkylcarboXylate 
group or carboXyl group. 

[0079] In the formula (6), R1 is selected from the group 
consisting O, S, NH, SO, S02, CH2, C(CH3)2 and C(CF3)2. 

[0080] In the present invention, R3 in the aforementioned 
formula (2) is preferably a loWer alkyl group, more prefer 
ably ethyl group. As for R4, R9 in the formula (5) is 
preferably hydrogen atom or heXamethylene group, and R5 
in the formula (3) is preferably ethyl group. R7 is preferably 
methyl group. Z is preferably oXygen atom. 

[0081] In the present invention, the organic layer prefer 
ably contains a compound having tWo or more oXetanyl 
groups in the molecule. Preferred speci?c examples include 
the compounds represented by the formula (8) and the 
compounds represented by the formula 

Formula (5) 

Formula (6) 

Formula (8) 
R8 

| 
R11—o T1—o R11 

(CH2)3 
| 
0 

R3 

0 
I 

Formula (9) 

R29 /2§R3 O 

O O 

[0082] In the formula (8), r is an integer of 2 to 100, and 
R11 is an alkyl group having 1 to 4 carbon atoms or a 

trialkylsilyl group. R3 is the same as that in the formula R8 is an alkyl group having 1 to 10 carbon atoms, and it is 

preferably methyl group, ethyl group or propyl group, more 
preferably methyl group. The compound represented by the 
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formula (8) is preferably compounds represented by the 
folloWing formula (10) and (10-2). 

Formula (10) 

[0083] In the formula (10), Y1, Y2 and Y3 each indepen 
dently represent hydroxyl group or an alkoxyl group having 
1 to 4 carbon atoms, and R3 is the same as that in the formula 
(2). The compounds of the formula (10) include oligomers 
represented by the formula (10-2), Which are formed from 
tWo or more molecules of the compound of the formula (10) 
Wherein Y1 and Y3 are oxygen atoms, each linked via 
—O—Si—O—Si With other molecules. In the formula 
(10-2), although n is not particularly limited, it is preferably 
0 to 20, more preferably 0 to 5. Speci?c eXamples of the 
compound represented by the formula (10) include silses 
quioXanes represented by the formula (11). 

Formula (11) 

[0084] In the formula (11), R is a group represented by the 
folloWing formula (12). 

Formula (12) 
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[0085] The silsesquioxane compounds represented by the 
formula (11) are most preferably used in vieW of adhesion 
to the inorganic layer, loW heat deformation property of the 
loW volume shrinkage ratio layer before and after curing, 
and heat resistance. These monomers may be used individu 
ally, or may be used as an arbitrary mixture of tWo or more 
kinds of the monomers. 

[0086] (Cationic Polymerization Initiator) 
[0087] As the cationic polymeriZation initiator, knoWn 
cation type heat polymeriZation initiators and cation type 
photopolymeriZation initiators can be used. Diaryliodonium 
salts and triarylsulfonium salts, Which are photopolymeriZa 
tion initiators, can be preferably used. Typical photopoly 
meriZation initiators are shoWn beloW. 

Moo 
MX-m 1 

Formula (13) 

Formula (14) 

Formula (15) 

[0088] In the aforementioned formulas (13) to (15), R12 is 
hydrogen atom, an alkyl group of a variable length having 
1 to 18 carbon atoms or an alkoxyl group having 1 to 18 
carbon atoms, M is a metal, preferably antimony, X is a 
halogen atom, preferably ?uorine atom, and n is valence of 
the metal, for example, it is 5 When the metal is antimony. 
R13 in the formula (16) is hydrogen atom, a hydroxyalkyl 
group or a hydroxyalkoxyl group, preferably hydroxyethoxy 
group. 

[0089] The cationic polymeriZation initiator is added in an 
amount of preferably 0.01 to 20 parts by Weight, more 
preferably 0.1 to 10 parts by Weight, With 100 parts by 
Weight of the monomer containing an oxetanyl group. If the 
amount is 0.01 part by Weight or more, the layer is favorably 
cured, and desired gas barrier property can be obtained. 
Further, if it is 20 parts by Weight or less, light transmission 
does not become insuf?cient, and a uniform organic layer 
can be formed, thus providing good gas barrier property. 

[0090] In the present invention, an epoxy resin may be 
blended With a composition containing the monomer con 
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taining an oxetanyl group to be used. Any knoWn epoxy 
resins may be used as monomers, oligomers or polymers. 
Preferred examples include the alicyclic epoxy resins rep 
resented by the formulas (1) to (6) mentioned in Japanese 
Patent Laid-open Publication No. 2003-48293. The epoxy 
resin is desirably blended in an amount of 0 to 50 parts by 
Weight, preferably 20 to 40 parts by Weight in vieW of curing 
rate, With 100 parts by Weight of the oxetanyl group 
containing monomer. 

[0091] Other than epoxy resins, for example, polymers 
obtained by crosslinking monomers of bifunctionality or 
higher functionality having acryloyl group or methacryloyl 
group such as epoxy (meth)acrylate, urethane (meth)acry 
late, (meth)acrylic isocyanurate, pentaerythritol (meth)acry 
late, trimethylolpropane (meth)acrylate, ethylene glycol 
(meth)acrylate, and polyester (meth)acrylate may be mixed 
and used. Amixture of tWo or more kinds of these monomers 
of bifunctionality or higher functionality having acryloyl 
group or methacryloyl group may be used, or a monofunc 
tional (meth)acrylate may be mixed and used. The mixing 
ratio of these is preferably 20 parts by Weight or less With 
respect to 100 parts by Weight of the oxetanyl group 
containing monomer. 

[0092] In the present invention, although the thickness of 
the organic layer is not particularly limited, it is preferably 
in the range of 10 nm to 5 pm, more preferably 10 nm to 2 
pm, further preferably 50 nm to 0.5 pm. If the thickness of 
the organic layer is too small, it becomes dif?cult to obtain 
uniformity of the thickness, and thus structural defects of the 
inorganic layer cannot be ef?ciently ?lled With the organic 
layer. Therefore, improvement in barrier property is not 
obtained. To the contrary, if the thickness of the organic 
layer is too large, cracks are more likely to be generated by 
an external force such as bending forth, and thus a problem 
of reduction of barrier property is caused. 

[0093] Examples of the method of forming the organic 
layer in the present invention include an application method, 
vacuum ?lm formation method and so forth. Although the 
vacuum ?lm formation method is not particularly limited, 
vapor deposition, plasma CVD and so forth are preferred, 
and the resistance heating vapor deposition method is more 
preferred, in Which ?lm formation rate of organic monomers 
is easily controlled. Although the method of crosslinking the 
organic monomers of the present invention is not limited at 
all, crosslinking by means of irradiation of an active energy 
ray using an electron ray, ultraviolet ray or the like is 
desirable for the reasons that equipment for it is easily 
disposed in a vacuum chamber, and it rapidly provides a 
higher molecular Weight by the crosslinking reactions. 

[0094] When the organic layer is formed by an application 
method, conventionally used various application methods 
such as roller coating, photogravure coating, knife coating, 
dip coating, curtain ?oW coating, spray coating, and bar 
coating can be used. 

[0095] The aforementioned active energy ray means a 
radiant ray that can propagate energy upon irradiation such 
as ultraviolet rays, X-rays, electron rays, infrared rays and 
microWaves, and the type and energy thereof can be arbi 
trarily chosen according to the use. 

[0096] The cationic ring opening polymeriZation of the 
monomer containing an oxetanyl group is started after a 
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composition containing the monomer is applied or vapor 
deposited With, When a thermal polymerization initiator is 
used, contact heating using a heater, radiation heating using 
an infrared ray, microWave or the like. When a photopoly 
meriZation initiator is used, the polymeriZation is started 
With irradiation of an active energy ray. When an ultraviolet 
ray is irradiated, various light sources can be used, and for 
example, the curing can be attained by irradiated light from 
a mercury arc lamp, xenon arc lamp, ?uorescence lamp, 
carbon arc lamp, tungsten/halogen radiation lamp or the like, 
or sunlight. The irradiation intensity of the ultraviolet ray is 
at least 0.01 J/cm2. When the organic layer is continuously 
cured, the irradiation rate is preferably determined so that 
the composition should be cured Within 1 to 20 seconds. 
When the curing is attained With an electron ray, the curing 
is attained With an electron ray having energy of 300 eV or 
less, or it is also possible to instantly cure With irradiation of 
1 to 5 Mrad. 

[0097] The organic layer used in the present invention 
may be an organic/inorganic hybrid layer prepared by using 
hydrolysis of a metal alkoxide and a polycondensation 
reaction (sol/gel reaction) together. As the metal alkoxide, 
alkoxysilanes and/or metal alkoxides other than alkoxysi 
lanes are used. As the metal alkoxides other than alkoxysi 
lanes, Zirconium alkoxides, titanium alkoxides, aluminum 
alkoxides and so forth are preferred. Moreover, inorganic 
?llers such as knoWn inorganic microparticles and layered 
silicates may be mixed in the organic layer as required. 

[0098] In the gas barrier laminate ?lm of the present 
invention, at least one inorganic layer and at least one 
organic layer are provided as a lamination unit on one side 
or both sides of a base material ?lm. Moreover, one or more 
sets of inorganic layer and organic layer may be repeatedly 
and adj acently laminated on the aforementioned lamination 
unit. When such repeating units are provided, the units are 
preferably provided in a number of 5 or less, preferably 2 or 
less, in vieW of gas barrier property and production ef? 
ciency. Further, When the repeating units are formed, the 
inorganic layers and the organic layers may have the same 
composition or different compositions, respectively. 

[0099] <Functional Layer> 

[0100] The gas barrier laminate ?lm of the present inven 
tion can further have any of the folloWing various functional 
layers in addition to the aforementioned inorganic layer and 
organic layer. 

[0101] (Transparent Conductive Layer) 

[0102] As a transparent conductive layer, knoWn metal 
?lms and metal oxide ?lms can be used. Metal oxide ?lms 
are particularly preferred in vieW of transparency, conduc 
tivity and mechanical characteristics. Examples include, for 
example, metal oxide ?lms such as those of indium oxide, 
cadmium oxide, and tin oxide added With tin, tellurium, 
cadmium, molybdenum, tungsten, ?uorine or the like as 
impurities, Zinc oxide, titanium oxide and so forth added 
With aluminum as impurities. In particular, thin ?lms of 
indium oxide containing 2 to 15 Weight % of tin oxide (ITO) 
have superior transparency and conductivity, and therefore 
they are preferably used. Examples of the method of forming 
the transparent conductive layer include the vacuum depo 
sition method, sputtering method, ion beam sputtering 
method and so forth. 
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[0103] The ?lm thickness of the transparent conductive 
layer is preferably in the range of 15 to 300 nm. If the ?lm 
thickness of the transparent conductive layer is 15 to 300 
nm, the ?lm becomes a continuous ?lm, and suf?cient 
conductivity, transparency and ?exibility can be obtained. 

[0104] When the transparent conductive layer is provided 
as an outermost layer, it may be provided either on the base 
material ?lm side or the gas barrier coat layer side. HoWever, 
it is preferably provided on the gas barrier coat layer side in 
vieW of prevention of invasion of moisture contained in the 
base material in a small amount. 

[0105] (Primer Layer) 
[0106] In the gas barrier laminate ?lm of the present 
invention, a knoWn primer layer or inorganic thin ?lm layer 
can be provided betWeen the base material ?lm and the 
inorganic layer and organic layer (gas barrier layer). 
Although acrylic resins, epoxy resins, urethane resins, sili 
cone resins and so forth, for example, can be used as the 
primer layer, it is preferable in the present invention to use 
an organic/inorganic hybrid layer as the primer layer or an 
inorganic vapor-deposited layer or dense inorganic coating 
thin ?lm prepared by the sol/gel method as the inorganic thin 
?lm layer. As the inorganic vapor-deposited layer, vapor 
deposited layers of silica, Zirconia, alumina and so forth are 
preferred. The inorganic vapor-deposited layer can be 
formed by the vacuum deposition method, sputtering 
method or the like. 

[0107] (Other Functional Layers) 
[0108] On the organic layer and the inorganic layer (gas 
barrier coat layer), or as an outermost layer, various knoWn 
functional layers may be provided as required. Examples of 
the functional layers include optically functional layers such 
as anti-re?ection layer, polariZation layer, color ?lter, ultra 
violet absorbing layer and light extraction ef?ciency improv 
ing layer, dynamically functional layers such as hard coat 
layer and stress relaxation layer, electrically functional lay 
ers such as antistatic layer and conductive layer, antifogging 
layer, antifouling layer, printable layer and so forth. 

[0109] The gas barrier laminate ?lm of the present inven 
tion has an oxygen permeability of 0 to 0.1 mL/m2~day-atm, 
preferably 0 to 0.05 mL/m2~day~atm, more preferably 0 to 
0.01 mL/m2~day-atm, at 38° C. and 0% of relative humidity. 

[0110] Further, the gas barrier laminate ?lm of the present 
invention has a Water vapor permeability of 0 to 0.1 
g/m2~day, preferably 0 to 0.05 g/m2~day, more preferably 0 
to 0.01 g/m2~day, at 38° C. and 90% of relative humidity. 

[0111] [Image Display Device] 
[0112] Although the use of the gas barrier laminate ?lm of 
the present invention is not particularly limited, it can be 
suitably used as a transparent electrode substrate of image 
display device because of its superior optical characteristics 
and mechanical characteristics. The “image display device” 
referred to herein means a circularly polariZing plate, liquid 
crystal display device, touch panel, organic EL device or the 
like. 

[0113] <Circularly PolariZing Plate> 

[0114] A7t/4 plate and a polariZing plate can be laminated 
on the gas barrier laminate ?lm of the present invention to 
prepare a circularly polariZing plate. In this case, they are 
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laminated so that the angle formed by the sloW axis of the 
M4 plate and the absorption axis of the polarizing plate 
should become 45°. As such a polarizing plate, one stretched 
along a direction at an angle of 45° With respect to the 
machine direction (MD) is preferably used, and for example, 
the one described in Japanese Patent Laid-open Publication 
No. 2002-865554 can be suitably used. 

[0115] <Liquid Crystal Display Device> 
[0116] A re?ection type liquid crystal display device has, 
in the order from the bottom, a loWer substrate, re?ective 
electrode, loWer oriented ?lm, liquid crystal layer, upper 
oriented ?lm, transparent electrode, upper substrate, M4 
plate and polariZing ?lm. The gas barrier laminate ?lm of the 
present invention can be used as the aforementioned trans 
parent electrode and upper substrate. In the case of a color 
display device, it is preferable to further provide a color ?lter 
layer betWeen the re?ective electrode and the loWer oriented 
?lm or betWeen the upper oriented ?lm and the transparent 
electrode. 

[0117] A transmission type liquid crystal display device 
has, in the order from the bottom, a back light, polariZing 
plate, M4 plate, loWer transparent electrode, loWer oriented 
?lm, liquid crystal layer, upper oriented ?lm, upper trans 
parent electrode, upper substrate, M4 plate, and polariZation 
?lm. Among these, the gas barrier laminate ?lm of the 
present invention can be used as the aforementioned upper 
transparent electrode and upper substrate. In the case of a 
color display device, it is preferable to further provide a 
color ?lter layer betWeen the loWer transparent electrode and 
the loWer oriented ?lm or betWeen the upper oriented ?lm 
and the transparent electrode. 

[0118] Although type of liquid crystal cell is not particu 
larly limited, more preferred are the TN (TWisted Nematic) 
type, STN (Supper TWisted Nematic) type, HAN (Hybrid 
Aligned Nematic) type, VA (Vertically Alignment) type, 
ECB (Electrically Controlled Birefringence) type, OCB 
(Optically Compensatory Bend) type and CPA (Continuous 
PinWheel Alignment) type. 

[0119] <Touch Panel> 

[0120] As for a touch panel, the gas barrier laminate ?lm 
of the present invention can be applied to those described in 
Japanese Patent Laid-open Publication Nos. 5-127822, 
2002-48913 and so forth. 

[0121] <Organic EL Device> 

[0122] When a ?lm prepared according to the present 
invention is used in an organic EL device, it is preferably 
used according to the disclosures of Japanese Patent Laid 
open Publication Nos. 11-335661, 11-335368, 2001 
192651, 2001-192652, 2001-192653, 2001-335776, 2001 
247859, 2001-181616, 2001-181617, 2002-181816, 2002 
181617, 2002-56976 and others as Well as those of Japanese 
Patent Laid-open Publication Nos. 2001-148291, 2001 
221916, 2001-231443 and others. That is, the gas barrier 
laminate ?lm of the present invention can be used as a base 
material ?lm and/or a protection ?lm used for the manufac 
ture of an organic EL device. 

[0123] The present invention Will be further speci?cally 
explained With reference to the folloWing examples. 
Although these are examples of effective embodiments of 
the present invention, the present invention is not limited to 
these examples. 
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EXAMPLE 1 

[0124] 1. Preparation of First Inorganic Layer 

[0125] As shoWn in FIG. 1, an inorganic layer Was pre 
pared by using a roll-to-roll type sputtering apparatus 1. This 
apparatus 1 had a vacuum chamber 2, and a drum 3 for 
cooling a base material ?lm 6 by contact on the surface Was 
disposed at the center of the chamber. Further, a feeding 
roller 4 and rolling-up roller 5 for Winding the base material 
?lm 6 Were disposed in the aforementioned vacuum cham 
ber 2. The base material ?lm 6 Wound around the feeding 
roller 4 Was Wound around the drum 3 via a guide roller 7, 
and further the base material ?lm 6 Was Wound around a 
roller 5 via a guide roller 8. As for a vacuum pumping 
system, the gas in the vacuum chamber 2 Was alWays 
evacuated by the vacuum pumps 10 from exhaust ports 9. As 
for a ?lm formation system, a target (not shoWn) Was placed 
on a cathode 12 connected to an electric discharge poWer 
source 11 of the direct current system, Which could apply 
pulse electric poWer. This electric discharge poWer source 11 
Was connected to a controller 13, and this controller 13 Was 
further connected to a gas ?oW control unit 14, Which 
supplied reactive gas to the vacuum chamber 2 through a 
piping 15 While controlling the introduced gas volume. 
Further, the vacuum chamber 2 Was designed so that an 
electric discharge gas could be supplied to the chamber at a 
constant ?oW rate (not shoWn). Hereafter, speci?c condi 
tions Will be explained. 

[0126] As the base material ?lm, a polyethersulphone ?lm 
having a thickness of 100 pm Was prepared. Further, Si Was 
set as a target, and a DC poWer source of the pulse applying 
type Was prepared as the electric discharge poWer source 11. 
The vacuum pump Was started to evacuate the inside of the 
vacuum chamber 2 to about 10-4 Pa, and argon as the 
electric discharge gas and oxygen as the reactive gas Were 
introduced. When the atmospheric pressure Was stabiliZed, 
the electric discharge poWer source Was turned on to gen 
erate plasma on the Si target at an electric discharge poWer 
of 5 kW, and after the ?lm formation pressure Was loWered 
to 0.030 Pa, the sputtering process Was started. The voltage 
value at this point Was 610 V. This voltage Was considered 
a preset value, and the discharge voltage Was controlled to 
be maintained constant by transmitting a command from the 
controller to a pieZo-electric valve unit so that When the 
discharge voltage Was loWer than the preset value in the 
transition region, the oxygen ?oW rate should be increased, 
and When the discharge voltage Was higher than the preset 
value in the transition region, the oxygen ?oW rate should be 
decreased. As described above, an SiOX layer having a 
thickness of 50 nm Was formed on the base material ?lm. 

[0127] 2. Preparation of Organic Layer 

[0128] A coating composition prepared by mixing 100 
parts (part by Weight, the same shall apply hereafter) of 
di[1-ethyl(3-oxetanyl)]methyl ether (OXT-221, Toagosei) 
and 2 parts of diphenyl-4-thiophenoxysulfonium hexa?uo 
roantimonate as a polymeriZation initiator Was applied on 
the base material ?lm on Which the aforementioned inor 
ganic layer Was formed so that the coated thickness should 
become about 0.4 pm, and then the coated composition Was 
cured by ultraviolet irradiation at such a dose that the 
composition should be sufficiently cured in the atmosphere 
(2000 mJ/cm2, con?rmed by FT-IR) by using an ultraviolet 
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irradiation apparatus utilizing a high pressure mercury lamp 
of 395 W (TOSCURE 401, Harrison Toshiba Lighting) to 
prepare Film 1A. 

[0129] 3. Production of Second Inorganic Layer 

[0130] An inorganic layer Was formed on Film 1A adhered 
on a guide base as a base material ?lm by using the 
roll-to-roll type sputtering apparatus shoWn in FIG. 1 to 
prepare Film 2A. 

EXAMPLE 2 

[0131] Film 2B Was prepared in the same manner as that 
used in Example 1 except that 1,4-bis{[(3-ethyl-3-oxetanyl 
)methoxy]methyl}benZene (OXT-121, Toagosei) Was used 
in the same amount instead of the di[1-ethyl(3-oxetanyl)] 
methyl ether used in Example 1. 

EXAMPLE 3 

[0132] Film 2C Was prepared in the same manner as that 
used in Example 1 except that a coating composition 
obtained by mixing 100 parts of di[1-ethyl(3-oxetanyl)] 
methyl ether With 10 parts of 3-ethyl-3-hydroxymethylox 
etane (OXT-101, Toagosei), 10 parts of tetraethoxysilane 
and 0.5 part of Water at room temperature for 60 minutes Was 
used instead of the coating composition used in Example 1, 
and the coated layer Was subjected to a heat treatment at 
120° C. for 5 minutes. 

EXAMPLE 4 

[0133] In an amount of 12.37 g of 3-ethyl-3-[3-(triethox 
ysilyl)propyloxymethyl]oxetane synthesiZed according to 
the method described in Japanese Patent Laid-open Publi 
cation No. 2000-264969, 1.05 g of 10% aqueous solution of 
tetramethylammonium hydroxide, 1.14 g of Water and 300 
mL 1,4-dioxane Were charged and re?uxed by heating With 
stirring for 16 hours. Then, 200 mL of the solvent Was 
evaporated under reduced pressure to concentrate the reac 
tion system, and the reaction Was continued for 6 hours. 
Thereafter, the solvent and others Were evaporated under 
reduced pressure, 200 mL of toluene Was added as substi 
tutive solvent, and the mixture Was Washed With Water and 
dehydrated to obtain a silsesquioxane compound containing 
an oxetanyl group. It Was con?rmed by GPC and NMR that 
the compound Was a silsesquioxane compound containing 
an oxetanyl group having an average molecular Weight (Mn) 
of about 2000. 

[0134] Film 2D Was prepared in the same manner as that 
used in Example 1 except that the silsesquioxane compound 
containing an oxetanyl group obtained above Was used 
instead of the di[1-ethyl(3-oxetanyl)]methyl ether used in 
Example 1. 

COMPARATIVE EXAMPLE 1 

[0135] Film 2E Was prepared in the same manner as that 
used in Example 1 except that the organic layer Was pre 
pared as folloWs. 

[0136] An acrylic monomer mixture of 50 mL of tetraeth 
ylene glycol diacrylate, 14.5 mL of tripropylene glycol 
monoacrylate, 7.25 mL of caprolactone acrylate, 10.15 mL 
of acrylic acid and 10.15 mL of EZACURE (benZophenone 
mixture photopolymeriZation initiator, Sartomer) Was mixed 
With 36.25 g of N,N‘-bis(3-methylphenyl)-N,N‘-diphenyl 
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benZidine solid particles having particle siZes of a Wide 
range from very small siZe to particle siZe of sand. Then, the 
obtained mixture Was stirred for about 1 hour on a 20 kHZ 
ultrasonic Wave tissue mincer to pulveriZe the solid particles 
in order to form a suspension containing ?ne particles. 
Subsequently, the obtained mixture Was diluted to a con 
centration of about 20 volume % (36.25 g) and stirred With 
heating at about 45° C. 

[0137] Then, a mixture obtained by using the apparatus 
described in International Patent Application Laid-open 
Publication in Japanese (KOHYO) No. 2001-518530 Was 
fed to a spray noZZle of 1.30 mm via a small tube having an 
inner diameter of 2.0 mm and length of 610 mm by using a 
pump, and the mixture Was sprayed there as minute drops by 
using a 25 kHZ ultrasonic atomiZer and dropped on a surface 
maintained at about 340° C. A ?ash evaporation chamber 
Wall Was maintained at about 290° C. to prevent cryocon 
densation of the monomers on the ?ash evaporation chamber 
Wall. On Film 1B maintained at a loW temperature by using 
cooling Water introduced at a temperature of about 13° C., 
the vapor Was cryocondensed and UV-cured to form an 
organic layer having a thickness of 4 pm. 

COMPARATIVE EXAMPLE 2 

[0138] Film 2F Was prepared in the same manner as that 
used in Example 1 except that the organic layer Was pre 
pared as folloWs. 

[0139] By using an experimental ?lm formation apparatus 
comprising a vapor deposition apparatus provided With 
resistance heating terminals and an electron gun to Which a 
high pressure mercury UV lamp Was attached, an uncured 
resin obtained by adding 1 Weight % of a radical initiator 
(Irgacure 651, Ciba-Geigy) to dipentaerythritol penta- and 
hexaacrylate (Aronix M-400, Toagosei) Was vapor-depos 
ited as an organic layer in a thickness of about 4 pm. Then, 
the monomers Were cured by UV irradiation using a UV 
lamp With a cumulative luminous energy of 1000 mJ/cm2 to 
form an organic layer. 

[0140] [Measurement of Gas Permeability and Volume 
Shrinkage Ratio of Organic Layer] 

[0141] Oxygen permeability at 38° C. and 0% of relative 
humidity and Water vapor permeability at 38° C. and 90% of 
relative humidity of Films 2A to 2F Were measured by the 
MOCON method. Further, samples obtained by ?lm forma 
tion under the same conditions on aluminum plates Were 
collected, and volume shrinkage ratio of the samples after 
the UV curing Was measured according to the method 
described in JIS K6901, Appendix 3. The results are shoWn 
in Table 1. 

TABLE 1 

Volume 
shrinkage 

Oxygen Water vapor ratio after 
permeability permeability UV curing 

Film (mL/m2 - day - atm) (g/m2 - day) (%) Remarks 

2A Less than 0.005 Less than 0.005 2.8 Invention 
2B Less than 0.005 0.06 4.8 Invention 
2C Less than 0.005 Less than 0.005 0.8 Invention 
2D Less than 0.005 Less than 0.005 0.1 Invention 
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TABLE l-continued 

Volume 
shrinkage 

Oxygen Water vapor ratio after 
permeability permeability UV curing 

Film (mL/m2 - day - atm) (g/m2 - day) (%) Remarks 

2E Less than 0.005 0.21 21.1 Comparative 
2F Less than 0.005 0.08 15.5 Comparative 

Note: 
“Less than 0.005” means a permeability loWer than detection limits of the 
currently available measurement apparatuses. 

[0142] [Flexing Resistance Test] 

[0143] Films 2A to 2F Were cut into a size of 20 cm><30 
cm, both ends of each Were adhered to form a cylinder With 
the barrier coat layer as the outer surface, and the ?lms Were 
transported by rotation at a rate of 30 cm/minutes between 
tWo of transportation rollers having a diameter of 12 mm 
between Which a tension of about 1 N Was applied, While 
paying attentions so that the ?lms should fully contact With 
the rollers and the ?lms should not slip on the rollers. The 
samples Were conditioned for moisture content in an envi 
ronment of 25° C. and 60% RH for 8 hours, and the test Was 
performed in a laboratory of the same conditions. 

[0144] After the above procedure, Water vapor barrier 
property Was measured under the same conditions as those 
mentioned above. Further, the ?lms Were observed by visual 
inspection and under an optical microscope. The results are 
shoWn in Table 2. 

TABLE 2 

Water 

vapor 
perme 
ability 
before Water vapor 
?exing permeability Observation 
test before Appearance under 
(g/m2 - ?exing test by visual optical 

Film day) (g/m2 - day) inspection microscope Remarks 

2A Less Less than No change No change Invention 
than 0.005 
0.005 

2B 0.06 0.06 No change No change Invention 
2C Less Less than No change No change Invention 

than 0.005 
0.005 

2D Less Less than No change No change Invention 
than 0.005 
0.005 

2E 0.21 Not less Whitened Cracks Comparative 
than 100 

2F 0.08 12 No change Slightly Comparative 
scratched 

Note: 
“Less than 0.005” means a permeability loWer than detection limits of the 
currently available measurement apparatuses. 

[0145] As shoWn in Tables 1 and 2, all of the gas barrier 
laminate ?lms of the present invention shoWed characteris 
tics that they had a higher gas barrier property compared 
With those of the comparative examples, and the gas barrier 
property Was not degraded even after the ?lms Were ?exed. 
Further, the gas barrier laminate ?lms of the present inven 

16 
Apr. 14, 2005 

tion exhibiting small volume shrinkage ratio after the UV 
curing shoWed improvement in both of the gas barrier 
property and ?exibility. 

[0146] On the basis of the above, it can be seen that the gas 
barrier laminate ?lm of the present invention is a ?lm having 
?exing resistance and high gas barrier performance. 
Although the reason Why the gas barrier laminate ?lm of the 
present invention shoWs ?exing resistance and high gas 
barrier performance is not de?nite, it is estimated that 
adhesion betWeen the inorganic layer and the organic layer 
is improved by reduction of shrinkage of the organic layer 
provided by the crosslinking reaction, thus potential distor 
tion generated at the interface of the inorganic layer and the 
organic layer becomes small, and as a result, the critical 
fracture stress becomes substantially higher. It is further 
estimated that, With the gas barrier laminate ?lm of the 
present invention, because active sites are more unlikely to 
be deactivated in cationic polymerization compared With 
radical polymerization, and the polymerization reaction at 
the interface of the inorganic layer involved in the adhesion 
is not inhibited by radical quenchers such as impurities 
present at the interface of the inorganic layer, defects of the 
inorganic layer are effectively compensated, and the high 
crosslinking density of the organic layer itself greatly 
reduces the gas permeability. 

EXAMPLE 5 

[0147] 1. Preparation of Base Material Film and Laminate 
Film 

[0148] Resin compound (C-3) according to the present 
invention Was dissolved in dichloromethane at a concentra 
tion of 15 Weight % and cast on a stainless steel band by the 
die coating method. Then, the ?rst ?lm Was stripped off from 
the band, and dried until the remaining solvent concentration 
became 0.08 Weight %. The ?lm Was trimmed and knurled 
for the both edges, and the ?lm Was rolled up to prepare Film 
1G having a thickness of 100 pm. Furthermore, Laminate 
?lm 2G Was prepared in the same manner as that used in 
Example 1 except that the base material ?lm Was changed to 
Film 1G. 

SYNTHESIS EXAMPLE of C-3 

[0149] 

M-1OO 

HO O 

O OH 

[0150] In an amount of 235.59 g (646.8 mmol) of M-100, 
9.171 g (33 mmol) of tetrabutylammonium chloride, 2805 
mL of dichloromethane and 2475 mL of Water Were put into 
a reaction vessel provided With a stirrer and stirred at 300 
rpm on a Water bath under a nitrogen ?oW. After 30 minutes, 
134.05 g (660 mmol) of terephthaloyl chloride Was added as 
poWder and Washed aWay With 330 mL of dichloromethane. 
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After 10 minutes, a solution obtained by dissolving 3.966 g 
(26.4 mmol) of p-tert-butylphenol in 693 mL of 2 M (2 N) 
aqueous sodium hydroxide and diluting the resultant With 
132 mL of Water Was added dropWise to the reaction mixture 
over 1 hour using a dropping apparatus, and the reaction 
mixture Was Washed With 165 mL of Water. Thereafter, 
stirring Was continued for 3 hours, then 1 L of dichlo 
romethane Was added, and the organic phase Was separated. 
Further, the organic phase Was Washed by adding a solution 
obtained by diluting 6.6 mL of 12 M (12 N) aqueous 
hydrochloric acid With 2.5 L of Water. Washing Was further 
performed tWice With 2.5 L of Water, and the separated 
organic phase Was added With 1 L of dichloromethane for 
dilution and poured into 25 L of vigorously stirred methanol 
over 1 hour. The White precipitates obtained in the methanol 
Were collected by ?ltration, dried by heating at 40° C. for 12 
hours, and then dried at 70° C. for 3 hours under reduced 
pressure to obtain 307.2 g of the objective Compound C-3. 

[0151] The molecular Weight of the obtained Compound 
C-3 Was measured by GPC (THF solvent), and as a result, 
the Weight average molecular Weight Was found to be 61000. 

[0152] 2. Preparation of Organic EL Devices 

[0153] Each of Films 2A and 2G Was introduced into a 
vacuum chamber, and a transparent electrode composed of 
an IXO thin ?lm having a thickness of 0.2 pm Was formed 
by DC magnetron sputtering using an IXO target. An 
aluminum lead Wire Was connected to the transparent elec 
trode (IXO) to form a laminated structure. An aqueous 
dispersion of polyethylene dioxythiophene/polystyrene 
sulfonic acid (Baytron P, BAYER, solid content: 1.3 Weight 
%) Was applied on the surface of the transparent electrode by 
spin coating and vacuum-dried at 150° C. for 2 hours to form 
a hole transporting organic thin ?lm layer having a thickness 
of 100 nm. This Was designated Substrate X. 

[0154] Further, a coating solution for light-emitting 
organic thin ?lm layer having the folloWing composition 
Was applied on one side of a temporary support made of 
polyethersulfone having a thickness of 188 pm (SUMILITE 
FS-1300, Sumitomo Bakelite) by using a spin coater and 
dried at room temperature to form a light-emitting organic 
thin ?lm layer having a thickness of 13 nm on the temporary 
support. This Was designated Transfer Material Y. 

Polyvinyl carbazole 
(MW = 63000, Aldrich) 
Tris(2—phenylpyridine) iridium 
complex (Ortho-metalated complex) 
Dichloroethane 

40 parts by Weight 

1 part by Weight 

3200 parts by Weight 

[0155] The light-emitting organic thin ?lm layer side of 
Transfer Material Y Was overlaid on the upper surface of the 
organic thin ?lm layer of Substrate X mentioned above, 
heated and pressuriZed under the conditions of 160° C., 0.3 
MPa and 0.05 m/min by using a pair of heat rollers, and the 
temporary support Was delaminated to form a light-emitting 
organic thin ?lm layer on the upper surface of Substrate X. 
This Was designated Substrate XY. 

[0156] Further, a patterned mask for vapor deposition 
(mask providing a light-emitting area of 5 mm><5 mm) Was 
set on one side of a polyimide ?lm (UPILEX-50S, Ube 
Industries) cut into a-25-mm square and having a thickness 
of 50 pm, and Al Was vapor-deposited in a reduced pressure 
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atmosphere of about 0.1 MPa to form an electrode having a 
?lm thickness of 0.3 pm. LiF Was vapor-deposited by DC 
magnetron sputtering using a LiF target With a ?lm thickness 
of 3 nm in the same pattern as the Al layer. An aluminum 
lead Wire Was connected to the Al electrode to form a 
laminated structure. A coating solution for electron trans 
porting organic thin ?lm layer having the folloWing com 
position Was applied on the obtained laminated structure by 
using a spin coater and vacuum-dried at 80° C. for 2 hours 
to form an electron transporting organic thin ?lm layer 
having a thickness of 15 nm on LiF. This Was designated 
Substrate Z. 

Polyvinyl butyral 
(2000L produced by Denki 
Kagaku Kogyo, MW = 2000,) 
1-Butanol 

10 parts by Weight 

3500 parts by Weight 
20 parts by Weight Electron transporting compound 

having the following structure 

[0157] Substrate XY and Substrate Z Were stacked so that 
the electrodes should face each other via the light-emitting 
organic thin ?lm layer betWeen them, heated and pressuriZed 
at 160° C., 0.3 MPa and 0.05 m/min by using a pair of heat 
rollers to obtain Organic EL Device 3A and 3G. As com 
parative organic EL devices, Organic EL Devices 3E and 3F 
Were also prepared by using Films 2E and 2F respectively in 
the production of Substrate X. 

[0158] DC voltage Was applied to the obtained Organic EL 
Devices 3A, 3E, 3F and 3G by using Source-Measure Unit 
Model 2400 (Toyo Corporation) to alloW them to emit light. 
All of the organic EL devices favorably emitted light. After 
the production of Organic EL devices 3A, 3E, 3F and 3G, 
they Were left at 25° C. and relative humidity of 75% for 1 
month, and then similarly alloWed to emit light. As a result, 
Organic EL devices 3A and 3G similarly shoWed favorable 
light emission, Whereas about 20% and about 5% of non 
light emitting portions With respect to the initial light 
emitting areas Were observed in Organic EL devices 3E and 
3F, respectively. 

[0159] Furthermore, a procedure of Winding light-emitting 
surfaces of separately prepared Organic EL Devices 3A, 3E, 
3F and 3G around a roller having a diameter of 12 mm and 
unWinding them into planes Was repeated 100 times, and the 
devices Were left at 40° C. and relative humidity of 90% for 
10 days, and then similarly alloWed to emit light. As a result, 
Organic EL device 3G similarly shoWed favorable light 
emission, and Organic EL device 3A shoWed about 5% of 
non-light emitting portion. On the other hand, both of 
Organic EL devices 3E and 3F shoWed non-light emitting 
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portion exceeding 80%, and thus they Were evidently 
degraded. It is estimated that the reason Why the difference 
Was observed betWeen the results of Organic EL devices 3A 
and 3G having a difference in the base material is that the 
base material ?lm having superior ?exibility contributed to 
prevention of slight degradation of the laminated barrier 
layer. 
[0160] Because the gas barrier laminate ?lm of the present 
invention can maintain superior gas barrier property even if 
it is ?exed, it can be used as a substrate of an image display 
device shoWing superior durability. 

[0161] The present disclosure relates to the subject matter 
contained in Japanese Patent Application No. 342063/2003 
?led on September 30, 2003 and Japanese Patent Applica 
tion No. 036738/2004 ?led on Feb. 13, 2004, Which are 
expressly incorporated herein by reference in their entirety. 

[0162] The foregoing description of preferred embodi 
ments of the invention has been presented for purposes of 
illustration and description, and is not intended to be exhaus 
tive or to limit the invention to the precise form disclosed. 
The description Was selected to best explain the principles of 
the invention and their practical application to enable others 
skilled in the art to best utiliZe the invention in various 
embodiments and various modi?cations as are suited to the 
particular use contemplated. It is intended that the scope of 
the invention not be limited by the speci?cation, but be 
de?ned claims set forth beloW. 

What is claimed is: 
1. A gas barrier laminate ?lm comprising at least one 

inorganic layer and at least one organic layer on a base 
material ?lm, Wherein the organic layer is a layer formed by 
ring opening polymeriZation of at least one kind of oxetanyl 
group-containing monomer. 

2. The gas barrier laminate ?lm according to claim 1, 
Wherein at least one kind of the oxetanyl group-containing 
monomer is represented by the folloWing formula (1): 

0 

Formula (1) 

Wherein Z is oxygen atom or sulfur atom, R1 is hydrogen 
atom, ?uorine atom, an alkyl group having 1 to 6 carbon 
atoms, a ?uoroalkyl group having 1 to 6 carbon atoms, allyl 
group, an aryl group, furyl group and thienyl group, R2 is an 
alkyl group having 1 to 6 carbon atoms, an alkenyl group 
having 1 to 6 carbon atoms, an aryl group, an alkylcarbonyl 
group having 1 to 6 carbon atoms, an alkoxycarbonyl group 
having 1 to 6 carbon atoms, an alkylcarbamoyl group having 
1 to 6 carbon atoms or an alkoxycarbamoyl group having 1 
to 6 carbon atoms. 

3. The gas barrier laminate ?lm according to claim 1, 
Wherein at least one kind of the oxetanyl group-containing 
monomer contains silicon in the molecule. 

4. The gas barrier laminate ?lm according to claim 1, 
Wherein at least one kind of the oxetanyl group-containing 
monomer is a compound containing at least tWo oxetanyl 
groups in the molecule. 
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5. The gas barrier laminate ?lm according to claim 1, 
Wherein the monomer containing at least tWo oxetanyl 
groups in the molecule is a compound represented by the 
folloWing formula (2): 

R3 

29% O In 

Wherein Z is oxygen atom or sulfur atom, R3 is hydrogen 
atom, ?uorine atom, an alkyl group having 1 to 6 carbon 
atoms, a ?uoroalkyl group having 1 to 6 carbon atoms, allyl 
group, an aryl group or furyl group, R4 is a group having a 
linear or branched alkylene group having 1 to 12 carbon 
atoms or a linear or branched poly(alkyleneoxy) group and 
m is 2, 3 or 4. 

6. The gas barrier laminate ?lm according to claim 1, 
Wherein the monomer containing at least tWo oxetanyl 
groups in the molecule is a compound represented by the 
folloWing formula (8): Formula (8) 

Formula (2) 

Formula (8) 
R8 

0 gm 
0 

Wherein R3 is hydrogen atom, ?uorine atom, an alkyl group 
having 1 to 6 carbon atoms such as methyl group, ethyl 
group, propyl group and butyl group, a ?uoroalkyl group 
having 1 to 6 carbon atoms, allyl group, an aryl group or 
furyl group, R8 is an alkyl group having 1 to 10 carbon 
atoms, R11 is an alkyl group having 1 to 4 carbon atoms or 
a trialkylsilyl group, and r is an integer of 2 to 100. 

7. The gas barrier laminate ?lm according to claim 1, 
Wherein the monomer containing at least tWo oxetanyl 
groups in the molecule is a compound represented by the 
folloWing formula (9): 

O O 

Formula (9) 

Wherein R3 is hydrogen atom, ?uorine atom, an alkyl group 
having 1 to 6 carbon atoms such as methyl group, ethyl 
group, propyl group and butyl group, a ?uoroalkyl group 
having 1 to 6 carbon atoms, allyl group, an aryl group or 
furyl group. 

8. The gas barrier laminate ?lm according to claim 1, 
Wherein the monomer containing at least tWo oxetanyl 






